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A brief Teview of the theory of absorption of laser
1ight by plasmas and of the necessary reaquirements for
the production of controlled thermoauclear fusion ia
given, The implications of this theory in regard to the
requirements on the laser to be used for fusion are
discuresd. The three (ypes of lasers being considered
for use (electrically pumpad gas lasers, chezical, and
solid state lasers) are aach describid with discussion
of their relative advantages and digadventages. The
Rdiglass system is described in greater detail since,
that system is now being used to study the basic light-
mutcer interactions at a number of laboratories around
the world, Pinally, mention is made of ths present
status of, and future plans for, large laser systems
?ov being built at some of those laboratories,

{
_Innﬂugtgon

Ever since the first lager was operated in 1960
cientists have been considering the possibility that
& laser could be used o initiate a controlled thermo~
nuclear resction. Until recent years, however, :this
goal Las seemad most elusive. Early estimates of the
required laser energy to achieve "breakeven" were 10°
to 10'J, With more careful calculations ind the advent
of shorter (< 1 neec) pulses by means of modelocking,
this number became 10* to 10 J. It now appears that,
Vrith comprassion of the fuel droplet aid careful shaping
£ the laser pulse, 10' to 10" J of laser enurgy may
e sufficient to produce "breakeven', As used harein,
reakeven'' refers to the aondition where thermonuclear
orgy produced equals the laser energy absorbed by the
har.c:. It is in quotation msarks because it is an arti-
icial nuaber, not accounting for the efficiency of the
ser, tha energy reflected by the target and other loss
rocesses., With all of these processes considered, :
| ver, the laser enargy raquired for COII.ICII} (1.0.‘
esconomical) power production may be as low as 10° to 10
J. This 1is only a factor of 10 to 100 above present
echnology, a oot unreagonable factor considering the
vrrent rate of growth of laser tachnology.

! Over the loet few ysare the tremendous pomeibil-
dties of laser initiated fusion for power production
have been recognisad by scientists at many laboratories
around the world, Lassr fusion research is currently
being conducted at the Lebedav Institute in the USSR,
et Limeil in France, and in Italy, Weat Germany, Japan
and Oreat Pritain, Here in the USA work {s being

done at the Los Alamos Scientific Laboratory, at Law-
rence Livermore Laboratory, at the Sandias Corporation,
and at the Naval Research Laboratory, all under the
auspices of the Atcaic Energy Commission. Many univer=-
pities and private industries have laser fusion programe
including the University of Rochester, the Genaeral
Blectric Company, XMS Industries, and United Aircraftc

The physice of the interaction between the lasar
bean and fuel pellet 1s discussed only briefly here,
having been dealt with in greater detail elsevhers,''!
It io the intent of this paper to concentrate on the

fWork parformed under the auspices of the U, B, Atomiec
Enargy Commiseion,

‘lasers that will be required and on the problems to be
overcome in extending present laser technolegy. The
required characteristics of a laser for fusion studies
are deacribed, The three major typce of lasers now
being considered are reviewed. A more detailed descrip-
tion is given of the Ndiglass laser system, since this
is the device that is now being used to atudy the phys=-
ice of the laser-matter interaction, The inherent
inefficiency of a solid state laser syatem may prevent
Ndiglass from being applicable to an economical reactor.
Howsver, this is the most advanced type of system at
‘the moment for producing large energies in short times.
Finally, a review of the current status of msjor laser
‘oystems is presented, along with some discussion of
'plans and schedules for the futurs,
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Controlled thermonuclear reactions will occur if
one is able to raise the vemperature of the fusl to a
‘sufficiently high value while at the same time main-
‘taining the fuel at a high density. The efficiency
with which the fuel "burne" is deteruined by the temp-
‘arature, density and length of time which these condi-
tions last.

The most interesting fuel for laser fusion is a
‘ephere of solid (frozen) deuteriun-tritium mixture (DT).
FJor DT the ignition temperaturs, i.e,, that temperature
at which the production of fusion euergy axceeds the
energy lose due to radiation, is a few kev., Once this
temperature ig reachad, the DT fuel will burn with an
efficiency datermined by the product of the deneity n
and the containment tima T. The containment tiwme is
determined primar!ly by hy.codynamica, When the laser
beam strikes the fuel target, a shock wave moves into
the targst followed by a rarefaction wave., The rare-
'faction wave lowers the density and cools the reaction,
Aleo, as the plasma blowoff from the target expands, it
cools rapidly, :

| The shock wave is beneficial, however, in that it
oompresses the fuel to higher deneities., The energy
input required for ignition is inversely proportional
to the square of the deneity, Thus the required input
energy decreases rapidly with compression. 1f one
carefully shapes the laser pulse, & serics of ghock
waves can be ercg:nd in the DT fuel pellet, multiplying
the compression.’ It is precisely this effect which
has lowered tha pradicted energy required to produce
therronuclear breakeven, 1f compressions of 10' to 10"
can be achieved, then |cio?:1!10 !coltbiltty might de
shown with as little as 10° to 10" J.

' Absorption of the laser Eneey

When the laser light is focused onto tha target
fuel, the light can be absorbed, reflected, scattered,
or t:ansmitted. The extent to which the iight is ab=
sorbed depends on the plasma density n.' Almost total
reflection occurs at the point wvhere the laser frequenay

w equals the plasma frequensy s vhere
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In (1) m and @ refer to the electronic mass and charge,

- respactively, For higher frejuencies (shorter wave-
lengths) of laser light tha energy is absorbed or
transmitted, Longer wavo.engths should be reflected,
.The critical density for a particular wavelength of
light is that density n, for which w = w,, For solid
DT densities the corresponding wavelength is 0,15 um,
in the ultraviolet, 1If this were the entire astory
then laser fusion would not look very promising.

z By vaporizing the fuel pellet surface first, either
with a separate low-energy, longer-time=scale laser
pulse or with the leading edge of tha main pulse, a
density gradient can be established, as shown in Fig,
‘ls Now a laser beam of wavelength A will penetrate
the plasua until it finds its own critical density,
at vhick point it will be reflected, If we assume '
that no significant absorption occurs below a density
By, then the absorbing layer or thickness of the plasma
.19 distance X bstween densities n, and n,. It should
be noted that the reflected light passes through the
‘absorbing layer a second time before leaving the
. plasma,
|

- 474gs 1. Density gradient for partially vaporised DT
pellet, Below critical density n, the laser
iight is absorbed, Above n_, laser light is
reflected, according to thedry of the inverse
bremsstrahlung eZfect,

! The abeorption described abave is due to imverse

_bremsstrahlung. In this process, almost all of the
absorbed energy appears as increased elestron tempers-
ture. This energy is them transferred in part to the
ione by vay of coulemd collisions, It s, of eourse,
the ions vhich must be heated fur the thermenuclear

. zeaction to take place.

g There ere in addition many other abserption neeh=
aniems vh‘ch aay oecur. Thase ‘Mluo Tesonance abdb~
.oorpu'n. plasms instadilities’ and relativistie of-
 feeta,” These sechaniems are being studied ueing

' qonputer simulation teshniques, and provide a great
'deal of hopn for the suceess of laser fusion. The
astual amount of their contribution ean enly be ssses~
‘o0d when the axperiments are eondueted. It nev appesra
theeretically, at least, that the abeerption due teo
these antmalous effeats may be as mueh or mere than
that of the inverse bremsstrahlung, depending upen

the pulse wavelength, intenaity and time seale.

Approach to the Problem

Having convinced ourselves that laser fusion is a
worthy goal and that there is a ressvnable chance of
success, we then ask "What approach shall we take in
solving the problem?" First, very little is actually
known in regard to the many absorption phenomena. These
processes have been and are being studied theoretically,
but experimental confirmation is needed. Very early
experiments, then, are being concentrated on studying
the basic interactions of the intense laser beams with
uatter. This work is in prograss in most of the lab=
oratories mentioned earlier, However, many of the phe-
nomena are intensity dependent, requiring more intense
beams than are now available, These experiments must
avait cthe completion of larger laser systems.

The second phase of oxperiments will be directed
toward the achievement of "scientific breakeven",  As
described earlier, this in the condition that thermo=
nuclear energy produced eyuals laser energy input,
While such a system would not be practical for power
production, this achievement represents a msjor mile-
'stone for the laser fusion effort. Its accomplishment
140 simplified by the fact that requirements on laser
iefficiency and repetition rate are not severs, Thare
ATe at least four laboratories actively building systems
{for this purpose,

The final step along the road to laser fusion is
ithat of proving eionomic feasibility, Having shown ,
'‘seientifically that one can produce thermonuclear=-yield=
lto~laser-input ratios greater than 1, the problems of
loverall efficiency (including the laser) and of repe~-
tition rate must be solved, This final phass also
‘includes the dasign of the pover plant itself and the
means for exte.rting the nuclear energy and converting
|i€ to usable electrical energy. While work is being
done on this part of the problem, it clearly will depend
strongly on the results of the first two phases,

~Jdeer_Requitemente |

' Using the information developed above one cam aow

determine some of the characteristics desired in a
laser to be used for t‘mi.on. First of all, an output

Tgy groater than 10° J is required for drea Re
Now much greater is uncertain. Raergies of 10’ co 10°
J may be required to prove aconomic feasibility,

1f iaverse breasstrahlung is the primary abserptien
wnechanism, the laser should have a waveleagth as shert
a0 possible, preferably in the ultravielet., If seme of
'the anomalous absorption effects mentiened eariier pre=-
dominate, then this requireaent may net held,

hi. order to obtain the shock compression desired, .
w08t of the energy should be contained in & pulse leagth
of 10 '° geconds or less.' This final fasterising per-
tion of the pulse should be preceded by a lovw pever part
lasting ome or mo.¢ nanesesonds,

In order to get the power demeities regquivred for
pnrr Mating, the lamser beam must be focveed to o
emall area, Thie is alee necessary besause only a
enall maee of fuel can be heated with o
onergy. Om the othey hand, the mere fue)! one {5 abdle
to heat, the wore energy output one eam obtain. These
factors 10ad te a nianinum DT ephere oise of the erder
of 100 to 200 un ‘n Atemeter. This sise will inerease
40 laser energier wwivase, The laser beam divergense
aust be ne greater than & fev hundred atsreradione ia
order to asahieve this spot diameter vher fecueing.

Te odtatn uu:nuuu of 10" 1o 0%, the unifore
ity and ayumetry of the shesh wvaves mwet ‘n very geed,

iven input
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of the order of one percent, This requires that the
targst be irradiated from many directions at once,

iaplying multiple laser beams,

It is obvious that the efficiency of the laser is
an importan: conmsideration for the final objactive,
Efficiency is not important, however, for the achieve-
ment of breakeven, provided the required laser is tech-
nically and economically feasible. The same 1is trve
‘of rmnttou rate,

6

' There are thres types of lasers being studied and
built for use in laser fusion work. Bach has its own
advuntages snd disadvantages. BRach type wvill be dis=-
cussed in turn, with commeits regarding energies nov
auu.bh and larger systems being buile, :

i ) t
, Electrically Pusped Ggp Lasers
} It is well known that CO; lasers are among the
most efficient types of lasers. Efficiencies as high
ias 40% have been reported. These efficisncies were
‘for CW and long (many microsecond) pulses, however,
For pulses 1 nsec and shorter, the efficiency drops
ito values nearer 10X, For Chese short pulses, the
'votational relaxation time is not fast encugh to allow
‘the stored energy in adjacent rotational lines to econ=
'tribute to the amplificatiom process. As a rvesult,
isnergy extraction is not as efficient ss for longer

pulses. Nevertheleas, efficiencies of 10X are suf-
i€dcient for use in a fusion reactor. |

Another major adventage of CO2 is that the active
»idiun 4s not subject to permanent damage., As the
eneTgy output is incressed in any system, the problem
of component damage becomes more severs. All systems

ive 8 common problem of damage to besm optics, but
the cass of CO2 the laser medium, being a gas, does

t damage. |

A further advantage of this type of laser is the
{14ty to scale the output energy ‘uch aperture sise,
14fiete with apertures of 300 cm™ lv.ve baen buile,

larger ones can be built if required. These large
reures are not without problemn, hovever., Producing
wmiform are=free electrical diecharye over a large
lume {0 difficult, and smplified spontinecus eniesion
‘may become a serious loss.

The vavelength, 10.6 um in the ialraved, ie¢
t 4deal. It is mueh longer than that ecorvesponding
¢o the critical density of eselid DT, and it s imcon-
t to work with {a regard to Jetectors and tranme-
wisstieon optice. One method of inereasing the plasms
abserption is to cenvert the wavelength te a sherter
one at the eutput of the laser, using monlinesr epties
‘seshniques. Sehemss for doing this are under setive
ml““hl.

One um to the emergy «un{ vhich ean [ 13
ovated in a amplifier fo optical brealdown.” The
iatensity of c‘o laser pulee 10 sulficient to cause
beoakdown of the ge0 ainture, The breakeowm
Shrosheld varies vith parencteres of the amplifier, bt
r‘ typieally of tha erder of magaitude of 10 te 20 JAa' .

At the pressures ot which mest COg lesers mnn.
Ithe gate=bandvidth ia wet sulfiedent to suppert the
'vaty ohort pulses required for lasrcr fusien, It to
00000080y (0 Inerease the pressure .» order te breaden
tN bandvidth, 1nereaning the preswui. ecase inereases
otorage ia an omplifier, At Los Alames o
ross lu:;‘ oseillater has preduced pulses of 1 neee
at .
asde=)osked trata and fed te & ahr/n of empliliera,

_obmbod. but is very diffticult to handle,

Figure 2 shovs 'M CO2 system now under comstruc~
tion at Los Alamos.'' This system eonsists of the mode-
locked oscillateor, an uutraction switch to selest o
single pulss, and & chain of amplifiers. The fivst
amplifier is s standavrd commercial design. The remain-
der are of LASL deaign and construction, These amplifi-
ors operate at 1 to 3 atm pressure, and are of similar
construction except for scale. The design is bamed
on the generation of a controlled discharge threugh the
."ue“m of an extarnal electren beam as the fonising
ngent. The electron beam produces a wniform bach~
cround fonisation in the gas prior to and during the
anin excitation discharge, The excitaiion of the
iasing molzcules is accomplished by a second, monsue~
taining discharge, Separating the source of fjonisatiom
from the excitation procsss avoids the problea of arc
formation. The electric field applied to the gas for the
nain discharge can be used to tailor the electron-
velocity distribution, thus improving the pumaing effi-
ciency. This process produces more umifora puping
over larger volumes than other techniques and can be
scaled to different geometries,

Pigure 3 10 & croes sectional view of one of the
o~beam~controlled discharge laser smplifiers. The
electron gun and main discharge electrodes are all part
of the same structure. The amplifier is shewm ia per~
spective in Fig. 4. A part of the system of Pig. 2 4s
running nov, producing 11 J iam 1 neeec. It is expected
that by the end of 1973 this systes will be producing
10 Jhaumcpuluotlnmum An even
larger system to produce 10° J 1s now being designed
st Los Alawos, scheduled for coupletion in mid 1973,
The latter system will nvc § deame covverging en the
tazgat as showm ia m. ° .

Another slectrically pumped gas laser o( intereat
is CO. Most of the previocus comments aade cencerning
wguumly to CO, Similar pumping schemes can be

vetd. This system 4¢ being investigated at several
laberatories.

Molecular Xe is aleo of interest. This system has
the advantage of dreed bandwidth, o that it can in
principle support very shert pulul (tens of xt«unﬂn’.
The vavelength i in the ultraviolet at 1770 A, deth
an advantage and a disadvantage. The wavelength s a
goed mateh Lo the tavget plasma and sheuld be ru:ny
Very fev

Single pulaes have been witehed out of the °

Pig. 8. 1 &J C0g laser system under econstruction ot Les
Alenes,
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yig. 3. Cross seciien of oloeeru—h-mtuuueo;

~
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ﬂ.. 4. DPerspective viev of electron-beaam-controlled
©0, laser amplifier,

Jrindov materiale or optical components are availabdle
for this shert wavelength, Such items as target cham~
ber vecuum vindows and bean turning and focusing optics
are diffioult preblems. The expected effieieney of 30X
wahes Xe 8 very attrastive laser system. This systea
fs met yot well developed, but 1o

Shenisal jasers

! It officioney were the ealy criterion, thea chem-
168) lasers would be the obvieus shoice, Chemical
Jasers can be greater than 1008 efffcient in cenverting
tleatrical energy to laser emergy, sfgee they release
the enargy stored in chemical bende. The aain prod=
ieme vith ehemical lasers are the large rtuo and the
long pulee lengthe. These lasers typically have gains
o Yarge that amplified spontancous enissien tende to
drain woet' of the astored enargy in 14fiere before
the main pulee arvives. Most chemical lasers sleo
have lenger pulse l:::tho. of the order of tens or
wadreds of nanesee While the wavclengths range
all the vey from the ultravielet to the far infrared,
aeet of the systems of intervst are voncentrated in

ing studied actively,

Mg, 3. Secale wodel of 10° J COy laser system, stowing
8 beams comverging on target.

Fig. 6, NP laser system using o7, and ethans, Thie
system at lLos Alsmos has pndu«d 11 J 4n 100
neee,

the 2 e 5 ym region and many are based on RF as the
lasing molecule,

It 1s uncertain at this time vheather many~naneeee~
ond pulees are applicable to fusion, but the suormous
efficiencies may vell compensate for the longer pules
,dengths. Chemical lasers aleo tend to be small in
odse and fairly inexpensive to build., One system based
oa NP uses 87, and ethane. Ouch & gnen at los Alawos
18 now puduqtu 11 J in 100 neec.!® This laser 4o
shown in Pig. 6. Plans are underwvay to scale this sye-
tem up to 200 J by the end of 1973, An electrical-
1npu::co-nnr-oucput efficiency of about 200% 1s en-
pected,

A recent result reported by Suchard of Aerospace
Corporation ie t“ eperation of on u,—r laser with
16 cllntonw. This systea was diluted with Ne
vhich produced leng pulses, but sherter pulses asuld
be obtained if the Ne were rewmoved from the system,

The chenical laser field s astill young and much
rendaing to b learned, Whether or net these lasers are



applicadle to laser fusion is uncertain, but the effi-
ciemcies are such that one can think of laser systems
that produce orders of magnitud+ more energy than

Nd31C Lagers

Of all the laser systems discussed here, the Nd:
glase laser technology is the best developed. The
moet powerful laser beams produced to date were accom~
plished in Mdiglass laser systems. Pulses as short as
a fev picoseconds can be generated and amplified, The
wivelength of 1.06 im in the near infrared is better
thaen CO, and chemical laser wavelengths, but still a
loag n’ froa matching the plasma density. This wvave-
leagth 1s quite convenient from the standpoiat of

optical components and detectors.

A major disadvantage of Ndiglass lasers is the
dnefficiency. Typical efficiencies are 0.1 to 0.2 per-
osat. These systems are also limited by damage to the
laser glass and other components, snd by the difficulty
4n obtaining large pieces of high quality glase for
larger aperture systems.

The net effect of all these considerations is that
4t 10 unlikely that a Ndiglass laser will be used in
a fusion reactor., It is possihle however, that such
& laser will be used to achieve breakeven and thus
prove scientific feasibility for the iaser fusion pro=-
eess, As & result, almost every la’oratory working in
this arca 1s building some fora o high energy, short
pulse Rdiglass laser. These include ’ 10%=J systea
at Livernore to be complated in 1976, ¥ 3 400=) system
at NRL to be on target in mid=1973,'” and & 400-J (25~
pess) or 1000-J (l-no”) systea at Sandis, also to be
finished in aid-1973, Professor Basov at the Lebedev
Isstitute has a 9=beam 600-J (2-nsec) system,’'® and
there are systems at the University of Rochester, !
4a Frence at Limeil,?’ and in Japand?

' At 100 Alamos s system is baing built to produce
2400 J in 4 beams, vﬁh a pulee width varialile from
.100 peec to 10 nsee, A veduced output will be avaii-
able at 23 psec. This system is schedulad for comple~
tion by the end of 1973,
' The early stages of this system are shown in Fig,
7 and the complete system in Fig. 8, The oscillator
iond firet two amplifiers are NdiYAG rather than glass.
«= YAG 10 used in the ocscillator because it produces more

|
[

Pig, 7. Barly stages of Ndiglass laser system, showing
details of ocacillator, pulse extraction awite!,

and Nd1YAG amplifiers.

'.
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Mg, 8. 1400 J Ndiglass laser ,lni’.- under conmstruction
at Los Alamos..

stable mode~locking. Because of a higher specific
gain and a larger thermal conductivity, less pump
energy is required and lower tharmslly induced strain
is observed. This results in improved beam quality
and the capabilicy of a faster rspetition rate. The
YAG oscillator and amplifiers can be fired at a rate of
1 ppa. The basic mode-locked pulse in a NaiYAG oscil~
lator s 23 psec, but bandwidth-limiting Fabry=Perot
etalons can be inserted into the cavity to produce
any pulsewidth up to 400 psec. For longer pulses,
8 Q=swictched ocscillator ie used, und Pockels cell
switches are used to reduce the pulsewidth to values
ae small as 1 nsec. The Pockelr .ell switches in FPig,
7 extzact a single pulss from the mode=locked train,
:ll. single pules then baing fed t¢ the chain of ampli-
iers,

Yollowing the two YAG amplifiors are three $l-mm
dismeter glass-rod smplifiers. The maximum energy out-
put from the rod amplifiers is determined by self=-focus-
ing and sgnmnme danage to the glass rods. Self-
focusing®" is a phenomenon whereby the electric field
strength of the laser beam causes the index af refrac-
tion n of ¢he materisl to Lo changed locally, according
to the esquation

q

I n-n.'o-nal.

! (2)
where n_ 4is the ordinary index ol refraition and n, {ie
the secfnd crder nonlinear coefficient, The eign ‘!

Re 18 sich as to produce a positive lens effect in the
llnru.!. focuaing the laser beam, As the beaam focuses,
the effect bacomes stronger, thus the beam coliapows
into a tiny filament and leaves & damag “ck in the
glass rod. The oaccurrence of self-focusing can be
forestalled somevhat by expanding the system aperture
thus reducing the enargy density in the beam, and by
maintaining the beam profile as uniform as posaible,
Sharp spatial gradients in heam intensity, such as hot
spots and nulls, cause self-fecusing to occur mere
quickly, It i¢ therefore necessary to be very careful
to avoid diffraction patterna produced by aperturing
the beam or by refeate in rods or other dcomponents.

My vl
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To avoid self-.vuusing and other dasale effects,
the sperture of the eystem must be enlarged to keep the
energy dunaity ae low as possible, Rods larger than
Sl-gm dismater are difficult to make with good optical
quality, and are almost imposaible to pump uniformly,
One tends to get high gain at the edges and lov gain




‘Mg, 9. Principle of the disk amplifier,

| N
Jat the center. One solution that avoids this probleam
is the disk amplifier.!’ As shown in Fiz. 9, the laser
glass is formad sn disks tilted with respect to tha
laser beam (usuzily at Brewster's angle). The pump
light from the flashlamps now has only to penetrate the
thickness of the disk to produce uniform pumping. The
aperture has also been increased considerably, and
the piece of glass is of & size that it can ba made of
very high optical quality., Disk amplifiers aze cur-
‘rently operating at NRL, University of Rochester,
Livermore and Los Alamos.

|
i

! The LASL system, shown in Fig, 8, has two sizaes
of digk amplifiers, Sl-mm and 86-um dismeter.!® These
‘'sumbers refer to the apsrtures normal to the beam path,
80 that the sctual apertures in the glass are larger
‘due to che tilt of the diske. The design 1is modula:,
iso tha: each peir of disks 1s ‘ontained in ite own |
independent module with flashlamps (helical). A disk
amplifier is then formed by conbining several modulss
a8 one unit, Pigure 10 is a photograph of a single
disk module and Pig. 11 is a photogriph of a complete
diok amplifier. In Pig. 8, each box labelled "Sl-am
iDiek Amp" contains 12 diske and each box labelled
"06-em Disk Amp" contains 8 dic.e. After the firet
Sl-am disk amplifier, the beam is split four ways,
each fourth following an independent but identical
/beam path, The output of each of the four arme is
'expected to be 330 J in 100 psec, for a totsl of 1400
‘Jo  The four beams will simultanequsly irrediate s
target from a tetrahedral symmetry, One of the four
‘boum paths is complete and ready for testing. The
r’l;:n system is scheduled for completion by the end of
' [

lselatien

One problem shared by almost all of the ‘aser
systems considered hare s isolation from targst
reflectiona, BSince the amplifier pump mechanism 4o
typically slow (microseconds) the amplifiers etill
have gain long after the laser pulse has gone through,
(Depending on the conditions, the terget plassa may re-
fleat substantial percentages of the ineidert light,
This reflected 1light gets recollimated by the focusing
lens and sent bachward through the ampliifier chain,
The bean 10 amplified until 4t becumes intense enoigh
to damage oome component,

One method of pmutng t"l"tn. a Paraday=eftect
{solator, s ahowm in Pig. 13.°7'"" An initial polari-
aer agrees with the pelarisation of the inecoming lase-
boam, A piece of glass enhibiting the Paraday effect

|
!

¥ig. 10, Photograph of s disk amplifier module. The

module shown contains one disk and its flash-
lamps. Double modules, containing two disks
and their flashlamps, are also used.

Fig. 311, A complnte disk amplifier from the Los Alance
system, Thio unit contains 12 disks of Sl-pm
aperturs, A eimilar unit containe 8 diske of

the 86-am aperture,

is located inside an axially directed magnetic fiald,
The field intensity and glass length are adjusted so that
the pelarisation of the beam 49 rotated 43°, The bean
then passea through a second polariser and travels on

to the target, is reflected and returns. Any component
vhose pelarisation has been rotated 90° at the target

in enjested by the second pelaviser, The rest of tle



Jig. 12, PFaraday effect isolator,

bian is rotated an additional 45° by the Faraday glass,
“and is now crossed to the firast polarizer and thus
rejected, These systems work quite well, but are not
without their problems. They are large and bulky (be-
cause of tha apertures), and require large, precision
magnetic fislds to obtain good rejection ratios., The
-Jaraday glass and the polarizers are subject to damage
by the laser beam. 1In some cases stacked-plate polar-
izsers must be used, since polerizing crystals and di-
slectric films are subject to damage. At Los Alamos »
Yaraday=-affact isolator has produced an extinction
ratio of 20011 over an aperture of 31 mm, Based on
this ratio, several isolators are required as shown in
Jig. 8, ;
Another method of isolation is to use part of the

laser beam to essentially remove a mirror from the path
‘|by blasting it after the primary lascr pulse has
plnnad." A variant of this nathod is to use a blast
shutter which blocks the return besm.'®

Perhaps the best scheme for isolation is that of
frequency conversion. A nonlinear optical device
placed in the beam at the output of the system changes
the wavelengtn of the laser 15 ht, preferably to a
shorter one, Any light reflectr1 from the target is
then no longer in the gain ban wiath of the systenm,
do not . plified, and therefore is not a prodlem. This
sethod has the further advantage that a better wave=-
1dength match is made to the plasma if the conversion
-4s to a shorter wavelength, The major difficulties
are damage to the nonlinear optical medium and the
efficiency of conversion, Conversion efficiencies of
i 30% or bestter are required to make this system applice-
ble, BSeveral methods of frequency convursion are pre-
amntly being excmined for thia purpoae, including sacond
and third harmonic generation, Raman shifting, and
parsmetric amplification, One method that looks en-
courrging is third harwonic generation in metal vapors.
Righ efficiencies are possible and the nonlinear optical
medium is not damageadle.

Ssnelusions

Laser fuasion for power generation is a gosl that

40 bdeing aatively pursued by many research laboratories
, soday. The type of laser that will be vsed to achieve
 this goal is still uncertain., As a result, saveral
high=anergy, short=pulse laser esystems of different
;{poo are baing constructed for research in this avea.

ese systems will Le used to conduct exreriments over
the nent ssveral years with the aim of producing

‘I

scientific breakeven, Following that achievement, the
goal will be to show economic and technical feasibility
for a laser fusion power plant, Whatever the results,
the research into these areas promises to be most inter-
..tiﬂ.o
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I000J CO, Oscillator/Amplifier System

»—Modelocked
Oscillator

ra lsoluti\on Cg!l (SFGIB Cl3) Beam
Lu';nomcs \ -— Expansion
reamp tics
Stage - Op
Stage 2~ Stage 3~
Stage 4~
Component Area L Gain Pressure €croreq (total)
Preamp IGcm?2 {50 cm 50 600 mm —
Stage | I5cm?2 I00cm (65 600mm 9 Joules
Stage 2 tcm? I00cm 65 600 mm 9 Joules
Stage 3 40 cm? 100cm 80 1200 mm 40 Joules
(100) (2280) (70)
Stage 4 500cm2 200cm (]04) (2280) (1900)
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